The Growth Accelerating Effect of Bittner Virus in Monolayers of Baby Mouse Kidney Cells
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Murine mammary tumour virus (Bittner virus) is generally detected and titrated by in vivo tests. The time required for these tests varies from about 4 months to more than I year according to the clinical criteria accepted (Nandi, 1963) . Recently Charney, Pullinger & Moore (I968) reduced this time to about 3 months by inoculation of newborn female mice and the detection of Bittner virus antigens in the milk of young adults by immunodiffusion tests. The immunological technique alone does not discriminate between infective and non-infective Bittner virus antigens. A faster in vitro assay would speed up the research of many aspects of the virus, including those at the cellular and molecular levels. Biological effects of Bittner virus preparations in vitro have been described, but an in vitro assay does not yet exist.
Dobrynin (I959) reviewed the work of three Russian workers, who found that partially purified mouse mammary carcinoma extracts evoked an accelerating effect in the outgrowth of homologous and heterologous connective tissue explants after an initial growth retardation. Lasfargues, Murray & Moore (i965) reported that purified virus (B-particles) stimulated growth and differentiation in epithelial and stromal elements of mouse mammary organ cultures. Effects with crude Bittner virus preparations in cell monolayers have also been reported. Miroff 0962) mentioned in an abstract that a virus-containing milk fraction increased the synthesis of DNA and phospholipids in a cell line derived from a spontaneous mouse mammary adenocarcinoma. Kumegawa (I964) found plaques with add O mouse mammary turnout extract in Swiss mouse embryo cells. According to the author, polyoma virus had been excluded. Taskar, Coutinho & Ranadive 0966) found growth stimulation with a C3H mammary tumour homogenate in the 2oth passage of their cell line derived from a C3H mouse. Lasfargues & Moore (I966) studied the effect of a brief exposure of virgin virus-free Ax mouse mammary gland monolayers to a milk fraction containing Bittner virus. After about 4 weekly transfers the controls and the infected cultures entered a dormant period of 2 months. At the end of this period the controls declined and eventually died, while the infected cultures showed an increasing growth rate, an increased life expectancy and morphological changes. Similar results were obtained with C57 B1 mouse embryo cells.
We now report on the growth accelerating effect of purified Bittner virus (B particles) in short-term monolayer cultures of baby-mouse kidney cells. For comparison partially purified Bittner virus was included in a few experiments.
Baby-mouse kidney ceils prepared from 5-day-old male and female BALB/c DeA mice by pronase treatment were grown in Eagle's minimum essential medium (MEM) with L-glutamine and non-essential amino acids, supplemented with Io% tryptose phosphate broth, Io% calf serum, bicarbonate and antibiotics (Na-penicillin-G, dihydrostreptomycin-sulphate and kanamycin-sulphate, ioo/zg./ml, of each). The cultures were made in 6 cm. diam. Falcon plastic Petri dishes and kept in a humidified stream of air plus 5 % CO2 at 37 °. Short communications The purified B particles, prepared from BALB/c DeA/f C3H/HeA mammary tumours (Calafat & Hageman, z968) , were suspended in Hanks's buffer+2% calf serum. Twenty-five g. tumours gave 7 ml. virus. The partially purified virus preparation was obtained after two cycles of centrifugation (2 x 20 min.; 3200 g) from a homogenate of one part tumour tissue plus four parts Hanks's buffer. Virus was diluted in Hanks's buffer+ 2 % calf serum. Virus (0"4 ml.) was adsorbed to the Expt z : primary cultures were started with 5"9 x IO e ceUs]Petri dish and subcultured after 3 days. Virus was added on 6th day. Cells were counted on 9th day. non-confluent monolayers for 2 hr at 37 °. Both virus preparations appeared to stimulate cell division in primary and secondary baby-mouse kidney cell monolayers (Table i) . Purified B particles also stimulated DNA synthesis in the baby-mouse kidney cell cultures. In one experiment the primary cultures were started with 5 × Io8 cells each. After 2 days virus was added. On the 4th day the cultures were divided with pronase, one primary culture giving three secondary cultures, and on the 8th and 9th day the medium was changed. On the Ioth day the experiment was ended. DNA was determined according to Burton (I956) . Purified calf-thymus DNA was used as a standard. Each estimation was made on eight similar cultures (Fig, I) . In another experiment, started in the same way, Bittner virus was added after i day. Subcultures were made with a I : 3 division on the 3rd day and the medium was changed on the 6th day. The experiment was ended on the 7th day. DNA determinations were made in quadruplicate (Fig. i) . The mean deviation of the average DNA values was I o % in both experiments. The stimulating effect was found repeatedly. Occasionally there was a maximum stimulation at virus dilution Io -~ or Io -z. Morphological changes were observed neither in virus-infected BALB/c De/A baby-mouse kidney cells nor in BALB/c DeA mouse embryo cells prepared from I4-day-old embryos. The growth stimulating effect in baby-mouse kidney cells was first observed microscopically. Experiments in Leighton tubes gave the impression that the infected baby mouse kidney cells could be cultured for a longer period than the controls. Baby-mouse kidney cell monolayers infected with Bittner virus did not show any piling up of cells. Most of the baby-mouse kidney cells are epithelial. In this connexion it may be recalled that the claws (epithelial products) of mice infected with Bittner virus grow faster than the claws of unaffected controls (Hamilton, Hollander & Andervont, I958 ) , and that the best known in vivo manifestation of Bittner virus is the transformation of mammary epithelial tissue into a tumour. Which part of the Bittner virus (or adsorbed substance) stimulates DNA synthesis and mitosis is unknown, as is the mode of action. More in vitro studies are needed to elucidate the nature of the stimulation reported, since it may represent one of the first steps towards virus-induced mammary tumours.
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